In man the number of adverse responses to the Cremophor-containing anaesthetic agents Althesin and propanidid (Epontol) has been reported to be greater than that encountered with thiopentone. The response of the mini-pig to repeated injection of a range of i.v. anaesthetics and their solvents has been investigated in an attempt to ascertain the possible role of Cremophor in the production of these responses. A second injection of Cremophor EL or the Cremophor/Micellophor-containing agents Althesin and propanidid (Epontol), given 7 days after the first, produced a high frequency of adverse responses. On only one occasion, when alphaxalone and alphadolone were given in a mixture of alcohol and propylene glycol, was an abnormal response seen on the first administration of any agent. The second administration of alphaxalone and alphadolone in the same solvent produced abnormal responses in two of four pigs. No such responses were seen when propanidid was administered in alcohol and propylene glycol or when this solvent mixture was given alone. No abnormal responses were seen following the repeated administration of thiopentone. A marked increase in arterial pressure, and an immediate but transient marked decrease in the numbers of circulating polymorphonuclear leucocytes, were consistent findings in animals showing adverse responses. No abnormal responses were found when the interval between two administrations of Althesin was extended to 3 weeks.
It has been shown that injection of the i.v. anaesthetic agents thiopentone, propanidid and Althesin can produce histamine release in man (Lorenz et al., 1972; Doenicke et al., 1973) . The amount of histamine released is normally insufficient to be of any clinical significance. These authors were unable to demonstrate histamine release in man following the administration of the hypnotic agent etomidate or the solubilizing agent Cremophor EL.
Our original aim was to find an animal model with which to evaluate the histamine-releasing propensity of potential new anaesthetic agents. The pig resembles man in being insensitive to the histamine-releasing properties of Cremophor EL (Lorenz et al., 1971) and was selected as a suitable species in which to evaluate the effects of Cremophor-containing anaesthetics. The dog could not be used since the injection of Cremophor almost invariably produces a massive release of histamine.
Preliminary studies in pigs failed to demonstrate any significant increase in plasma histamine concentra- tions following a single injection of Althesin. At this time, the finding by Watkins, Clark and others (1976) of a high frequency of subclinical "hypersensitivity" reactions in man, following single and repeated injections of Althesin, propanidid and methohexitone, prompted us to examine the effect of repeated doses of Althesin in the pig. The reactions in man were characterized by significant changes in white cell counts. In our early studies in pigs we found that the repeated administration of Althesin produced a rapid and marked reduction in the number of circulating polymorphonuclear leucocytes and that this effect was accompanied by an abnormal clinical response (Glen et al., 1978) . This work has now been extended to an examination of the effects of repeated injections of a range of Cremophor-containing and Cremophor-free anaesthetics and their solvents. We hoped to assess the importance of the solvent in the production of adverse responses with the aim of developing an animal model which could be used to evaluate potential alternative solubilizing agents.
to be measured and to facilitate the administration of test agents and the withdrawal of blood samples. For this procedure pigs were sedated with droperidol and anaesthesia was induced and maintained with halothane. Arterial pressure was measured before and during the period of anaesthesia and recovery with a Bell and Howell strain gauge transducer. Heart rate was derived electronically from the arterial pressure input and records of both measurements were obtained on a Devices M19 recorder. Samples of arterial blood were collected before the administration of a test agent and at 2, 5, 10 and 20 min after injection. Arterial pH, Po 2 and Pco 2 were measured in heparinized blood samples using standard Radiometer or Corning electrodes. Samples for plasma histamine measurement were collected into EDTA and centrifuged at 1500# for 60 min. An equal volume of trichloroacetic acid was added to the supernatant, to precipitate protein, and plasma histamine concentration was measured using an automated fluorimetric assay (Evans, Lewis and Thomson, 1973) . Total and differential white cell counts were performed by standard methods. Rectal temperature was measured during anaesthesia with a mercury thermometer. Abnormal clinical responses and sleeping times to head-lift were noted.
The doses of the anaesthetic agents investigated were thiopentone 10 mg kg" 1 , alphaxalone/alphadolone 0.15 ml kg" 1 (1.8 mg kg" 1 total steroids) and propanidid 10 mg kg" 1 . These are the minimum doses required to produce unconsciousness in the mini-pig. In addition to Cremophor EL, an alternative solvent system containing 10% ethyl alcohol and 25% propylene glycol was examined. This allowed a comparison to be made of the effects of Cremophor-free preparations of alphaxalone/alphadolone and propanidid with those of the commercially available Cremophor-and Micellophor*-containing preparations, Althesin (Glaxo) and Epontol (Bayer) respectively. Solvents, when examined alone, were given in a volume and concentration equal to that contained in the anaesthetic formulations. All injections were given over 30 s.
In most instances an interval of 1 week was allowed between the administration of two doses of a test agent. Additional experiments were performed with Althesin using intervals of 4, 14 and 21 days, and Cremophor was also readministered after a 14-day interval. Different groups of pigs were used for each agent or interval examined. Thus each pig received only two injections of the same agent.
The significance of differences occurring within an experiment was estimated with a paired Student's t test.
RESULTS
The results obtained in the first series of experiments where a 1-week interval was allowed between the administration of two doses of a test agent are summarized in table I.
Abnormal clinical responses
Cremophor EL and the Cremophor-and Micellophor-containing agents Althesin and Epontol all produce frequent reactions when a second administration was given 7 days after the first exposure. On only one occasion, when alphaxalone and alphadolone * Micellophor is a butanol extract of Cremophor and contains the same hydrophobic constituents. The responses produced by different agents were generally similar. Convulsive kicking and peripheral cyanosis were noted most frequently in the animals receiving Cremophor EL or Epontol, while the overt signs of a response were less marked following administration of the alphaxalone/alphadolone mixture in the alternative solvent. Three of the pigs which responded to Cremophor became unable to stand for a short period, salivated excessively and vomited. Rectal temperature did not change significantly during any of the reactions. No treatment or supportive therapy was given and all animals survived.
Sleeping times
Mean sleeping times on both exposures for each group of pigs are given in table II. Pigs receiving a second injection of Althesin or alphaxalone/alphadolone in the alternative solvent slept for a longer period than that found on the first exposure to these agents, but the difference was not statistically significant.
Respiratory effects
In pigs showing an abnormal response a period of apnoea of 20-60 s was seen frequently following the administration of a test agent. On other occasions a brief period of irregular respiration or coughing was noted. Respiratory depression appeared to be central in origin and not associated with bronchospasm. Changes in arterial Po 2 and Pco 2 are shown in figure 1, in which it can be seen that Po 2 decreased slightly in the groups receiving the anaesthetic agents, but was virtually unchanged at 2 min in the group responding to a second injection of Cremophor. Only in the animals given alphaxalone/alphadolone in the alternative solvent was the decrease statistically significant (P<0.01). Later, when peripheral cyanosis was frequently evident, arterial oxygenation had returned to normal in the groups which received the anaesthetic agents. Arterial Pco 2 values were not altered significantly and the changes in pH did not indicate any effect on metabolic acid-base status.
In animals given thiopentone, or propanidid in the alternative solvent, the decrease in Po 2 2 min after 
Plasma histamine concentrations
Plasma histamine concentration was not invariably increased in pigs showing an abnormal clinical response (table I) . Increases were found most consistently in pigs given Cremophor or propanidid. Despite the finding of large concentrations-106 ng ml" 1 and 135 ng ml" 1 at 2 min in individual pigs in the groups given Cremophor and Epontol respectively-none of the increases was statistically significant. The mean plasma histamine concentrations found in pigs showing abnormal clinical responses are given in figure 2. In one pig which showed an abnormal response to a second injection of alphaxalone and alphadolone in the alternative solvent, plasma histamine concentration increased from 40 ng ml" 1 to 84 ng ml"
1 . The increase noted in two pigs given a second injection of thiopentone was not associated with any other sign of an abnormal response. 
Haemodynamic effects
In all animals in which an abnormal clinical response was noted, and on two occasions when no clinical signs indicating an abnormal response were seen, a marked hypertensive response developed a few seconds after the administration of the test agents. Maximum mean arterial pressures in the groups showing abnormal reactions are given in table III. Maximum values were reached within 1 min and thereafter mean pressure returned to pre-dose values over the succeeding 5-10 min. The maximum values reached in all groups were similar. A typical record illustrating these changes is shown in figure 3 . In this animal the first administration of Epontol produced only a brief depressor effect, whereas the second injection, given 7 days later, produced a marked pressor response. On only one occasion was a similar pressor response noted on the first administration of a test agent. The record obtained from this animal, which was given alphaxalone/alphadolone in alcohol and propylene glycol, is shown in figure 4 . Heart rate increased as the pressor effect was initiated, but in many instances reflex bradycardia occurred when the hypertensive response was fully developed. Pulse pressure was frequently reduced about 5 min after drug administration and at this time a peripheral pulse could not be readily detected.
The increase in arterial pressure usually preceded any overt signs of an adverse response and it is possible that this very rapid and marked increase may have been responsible for some of the convulsive signs and apnoea noted in the early stages of a reaction.
Effects on white blood cells
In one pig in which an abnormal clinical response was noted following the first injection of alphaxalone/ alphadolone in alcohol and propylene glycol, the polymorph count decreased from a value before injection of 9.03 x 10 9 litre-1 to 4.4 x 10 9 litre-1 2 min after injection. No significant changes in total or differential white cell counts occurred in any other pig following the first administration of a test agent.
A typical finding in pigs showing an adverse response to a second administration of a test agent was the virtual disappearance of polymorphonuclear lymphocytes in blood samples collected 2 and 5 min after injection. This decrease in polymorph count was reflected in the total white cell count. Lymphocyte numbers were not significantly altered ( fig. 5) . The mean changes in polymorph count 2 min after the second administration of each test substance are given in table IV. It can be seen that Althesin, Epontol, 
Effect of varying the interval between injections
The results are summarized in table V, in which it can be seen that a high frequency of adverse responses to Althesin occurred when a second injection was given after 1 or 2 weeks, whereas only one mild reaction was produced when the interval between two injections was 4 days or 3 weeks. Adverse responses to Cremophor EL were noted less frequently when the interval between two injections was extended from 1 to 2 weeks. The changes in polymorph count, at different times of challenge (figs 7, 8) , reflected the changes in clinical responses. This suggests that sensitivity to Cremophor EL may possibly be lost more rapidly than that to Althesin. 1975). These authors estimated the frequency of reactions to this agent to be between one in 11 000 and one in 19 000. A larger figure of about one in 1000 was obtained in a smaller, retrospective study by Evans and Keogh (1977) . The extremely high frequency of reactions produced in the pig in the present study indicates that this species is particularly sensitive to the repeated administration of agents which have been known to produce reactions in man. We have been unable to produce any similar response in mice, guineapigs, rats or rabbits following the repeated administration of Althesin or Cremophor. The responses noted in pigs differed from those associated with adverse reactions in man in that bronchospasm was not a feature of the reaction in the pig and marked hypertension rather than hypotension was a consistent finding. On the other hand, the cutaneous effects, the involvement of histamine release in some of the reactions, and the marked changes in polymorph count are features common to reactions occurring both in man and in the pig. A similar mechanism could be involved in the initiation of a reaction in both species, while species variation in the release of mediators, or the response to these mediators, could lead to some differences in the clinical signs produced. The pig has a greater basal concentration of plasma histamine than has man (Lorenz et al., 1971) and appears to metabolize endogenous histamine rapidly (unpublished observation). This may explain our failure to demonstrate increases in plasma histamine concentrations in every reaction. In addition, the release of histamine by compound 48/80 in the pig has been shown to produce a marked pressor response in this species (Lorenz et al., 1971 ). This pressor response may result from the secondary release of catecholamines.
A proportion of the reactions to i.v. agents which occur in man have been encountered on the first administration of an agent. These are believed to result, in some cases, from a direct pharmacological effect such as histamine release. In the majority of reactions occurring on the first administration of Althesin, complement C3 activation has been shown to be an important feature (Watkins, Udnoon et al., 1976) . With one exception, the reactions in pigs occurred following prior exposure to a particular agent or solvent. The short interval required to induce sensitivity and the disappearance of this sensitivity after 3 weeks suggests that the reaction in the pig is unlikely to be a classical hypersensitivity response involving IgE. We have shown previously that, contrary to what one would expect with an anaphylactic response, animals which have responded to a second injection of Althesin have failed to respond fully to a further administration given 1 week after the second (Glen et al., 1978) . Passive cutaneous anaphylaxis tests in pigs were negative and work is continuing to investigate the possible involvement of complement in the reaction.
A proportion of the reactions to Althesin in man occur when a second administration is given 1-4 weeks after a first. An analysis of the figures given in the report by Clark and others (1975) indicates that, excluding those patients with reactions of the delayed histaminoid type, 31 of the patients who reacted to Althesin had been exposed previously to a Cremophorcontaining anaesthetic. In more than 50% of these patients the second administration had been given within 1 month of the first. Although IgE appears to be involved in some of the reactions to Althesin in man, it is thought unlikely that a conventional antibody response could be responsible for those reactions occurring within 1-4 weeks from a first exposure (Watkins, Allen and Milford Ward, 1978) . These authors have suggested that a short-term "memory" phenomenon involving lymphocyte receptors and IgD may be responsible for these reactions.
If the reaction in the pig, where sensitivity is certainly of a short-term nature, can be thought to mimic this latter response in man, it seems reasonable to suggest that Cremophor and Micellophor are possibly responsible for at least a proportion of the reactions produced by Althesin and Epontol. The occurrence of reactions to alphaxalone and alphadolone in the absence of Cremophor suggests that the constituent steroids in Althesin may also contribute to some of the reactions seen with this agent.
We feel that the results obtained with Cremophor in the pig are sufficiently consistent to allow the model described here to be used for the evaluation of alternative surfactants for i.v. anaesthetics.
MODELE ANIMAL RESERVE AUX ESSAIS DES REACTIONS ADVERSES AUX AGENTS ANESTHESIANTS ADMINISTRES PAR VOIE INTRAVEINEUSE ET A LEURS SOLVANTS

RESUME
Chez l'homme, le nombre des reactions adverses aux agents anesthesiants contenant du cremophor, tels que l'althesine et le propanidid (Epontol), a ete signale comme etant plus important que celles qui se produisent avec le thiopentone. La reaction du cobaye aux injections repetees d'une gamme d'agents anesthesiants et de leurs solvants, administres par voie intraveineuse, a fait l'objet d'etudes afin d'essayer de decouvrir le role eventuel du cremophor dans la production de ces reactions. Une seconde injection de cremophor EL ou de l'un des agents contenant du cremophor/micellophor, tels que l'althesine et le propanidid (Epontol), administree 7 jours apres la premiere a produit une haute frequence de reactions adverses. Ce n'est qu'a une seule occasion, alors que Ton avait administre de l'alphaxalone et de Palphadolone dans un melange d'alcool et de propylene-glycol que Ton a constate une reaction anonnale lors de la premiere administration d'un agent quelconque. La seconde administration d'alphaxalone et d'alphadolone dans le meme solvant a produit des reactions anormales chez deux cobayes sur quatre. Aucune reaction de ce genre n'avait ete constatee lorsque le propanidid avait ete administre dans de l'alcool et du propylene-glycol ou lorsque ce melange solvant avait ete administre seul. On n'a constate aucune reaction anormale apres l'administration repetee de thiopentone. Une augmentation marquee de la pression arterielle et une diminution marquee immediate, mais transitoire, du nombre de leucocytes polymorphonucleaires en circulation ont ete constatees uniformement chez les animaux ayant eu des reactions adverses. On n'a trouve aucune reaction anormale lorsque l'intervalle entre les deux administrations d'alth£sine a ete porte a 3 semaines. 
SUMARIO
Se inform6 que en el hombre el numero de respuestas adversas a los agentes anesteticos que contienen cremofor, Altesina y Propanidato (Epontol), es mayor del producido por la tiopentona. Se investig6 la respuesta del minicerdo a inyecciones repetidas de una variedad de anesteticos y de sus solventes al tratar de cerciorarse sobre el posible papel del cremofor en la producci6n de dichas respuestas. Una segunda inyeccion de cremofor EL o de agentes que contienen cremofor/micelofor, Altesina y Propanidato (Epontol), administrada 7 dias despues de la primera, produjo una alta frecuencia de respuestas adversas. En una sola oportunidad, cuando se administro alfaxalona y alfadolona en una mezcla de alcohol y de glicol de propileno, se registro una respuesta anormal en la primera administracion de cualquier agente. La segunda administration de alfaxalona y de alfadolona en el mismo solvente provoco respuestas anormales en dos de los cuatro cerdos. No se registraron respuestas similares cuando se administro el propanidato en alcohol y glicol de propileno o cuando esta mezcla solvente se inyecto sola. Tampoco hubo respuestas anormales despues de la administraci6n repetida de tiopentona. Un aumento marcado de la tension arterial y un descenso notorio inmediato aunque transitorio de las cantidades de leucocitos polimorfonucleares circulantes constituyeron resultados constantes en los animales que demostraban respuestas adversas. Cuando se extendio hasta 3 semanas el intervalo entre las dos administraciones de Altesina, no se registraron respuestas anormales.
